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INTRODUCTION
In an effort to better understand how the key splicing regulators ESRP1 and hnRNPM 1 0 0 functionally interact with each other, we compared RNA sequencing datasets in response to 1 0 1 hnRNPM and ESRP1 perturbation. We focused on cassette exons, the most common type of 1 0 2 alternative splicing (Wang et al. 2008) . Alternative splicing levels were quantified using the 1 0 3 Percent Spliced In (PSI) metric, which is a measure of the relative abundance of the exon 1 0 4 inclusion isoform. We performed RNA sequencing analysis after hnRNPM knockdown in the 1 0 5 well-established MDA-MB-231-derived lung and bone metastatic 4175 (LM2) and 1833 (BM1) 1 0 6 cell lines (Kang et al. 2003; Minn et al. 2005) and obtained a set of 1635 hnRNPM-regulated 1 0 7 alternative cassette exons in these mesenchymal-type cells. Using previously published ESRP1 1 0 8 overexpression and knockdown datasets (Warzecha et al. 2010; Dittmar et al. 2012 ; Yang et al. 2016), we derived a corresponding set of 1300 ESRP1-regulated cassettes. Intersecting these 1 1 0 datasets resulted in a statistically significant overlap of 213 co-regulated cassette exons ( Fig. 1A , 1 1 1 1 1 3 regulated concordantly (Fig. 1B) . The fact that the majority of co-regulated events show 1 1 4 discordant regulation mirrors the antagonistic role that ESRP1 and hnRNPM play in favoring 1 1 5 cell-state specific splicing programs (Xu et al. 2014) . By contrast, the concordant splicing 1 1 6 regulation by ESRP1 and hnRNPM suggests that they cooperate to control splicing within a 1 1 7 subset of genes. Thus, the co-regulation of splicing between ESRP1 and hnRNPM is not purely 1 1 8 antagonistic and may be more complex than previously understood. As hnRNPM and ESRP1 play important roles in regulating alternative splicing during 1 2 0 EMT, we overlapped the co-regulated exons with a set of EMT regulated alternative splicing 1 2 1 events derived from previous studies (Shapiro et al. 2011; Yang et al. 2016) . Over 30% (67/213) 1 2 2 of the co-regulated exons overlap with EMT, representing a statistically significant overlap ( Fig.   1 2 3 1C, p = 2.63e-80, hypergeometric test). We then analyzed the regulatory roles of hnRNPM and 1 2 4 ESRP1 on these EMT-associated splicing events. For both discordant and concordant exons co- correlation between hnRNPM-mediated splicing and EMT-associated splicing, indicating that 1 3 0 hnRNPM promotes splicing that occurs during EMT (Fig. 1G ). For the hnRNPM/ESRP1 1 3 1 concordant exons, however, hnRNPM's activity inversely correlated with EMT-associated 1 3 2 splicing (Fig. 1H ). This bi-directional difference in EMT-splicing regulation was statistically 1 3 3 significant (Fig. 1I) . These results suggest that although the majority of hnRNPM-regulated 1 3 4 events are consistent with its role in driving a mesenchymal splicing program in opposition to 1 3 5 ESRP1, hnRNPM may also be involved in a small subset of splicing events regulated in favor of 1 3 6 an epithelial splicing pattern when functioning in concert with ESRP1. We experimentally validated four of the concordant and four of the discordant co-1 4 0 regulated splicing events using RT-PCR upon shRNA-mediated hnRNPM or ESRP1 knockdown 1 4 1 to confirm splicing regulation observed in the RNA sequencing studies ( Fig. 2A-C minigene with hnRNPM or ESRP1 in 293FT cells showed that hnRNPM promotes v5 exon 1 5 1 skipping, whereas ESRP1 inhibits it ( Fig. 2D ), supporting discordant regulation of hnRNPM and  Table S3 . The control, hnRNPM, and ESRP1 shRNAs were described previously (Brown et al. Biosystems (clone V2LHS_155253). Briefly, 2.25 x 10 5 HEK293FT cells were plated in 24-well plates twenty-four hours prior Normalization and quantification of qRT-PCR data was done using the 2 -∆∆Ct method (Livak and 3 3 4
Schmittgen 2001). Primer specificity was checked with melt-curve analysis during qRT-PCR. Primers for semi-quantitative and qRT-PCR analysis were designed to generate products 3 3 6 spanning introns ( Supplemental Table S3 ). relative to the control set, a one-tailed Fisher's exact test was conducted using the sum of sequences with a hexamer frequency greater than background and the sum of sequences with a 3 9 7
hexamer frequency less than background for the test set and control set of sequences.
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For the GU-rich motif RNA map analysis, the top 12 6-mer motifs from an ESRP1- junction reads / 2) + (Skipping junction reads)). Patients were clustered into two groups using K-4 1 6 means clustering. Kaplan-Meier survival analysis was conducted between these two groups and 4 1 7
p-values were computed using log-rank tests.
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For GSEA analysis, correlation values between the given cassette exon PSI values and all 4 1 9
genes in the TCGA BRCA RNA-seq V2 datasets were computed. Genes were then ranked by Supplemental material is available for this article. datasets identified splicing factor dependent cassette exon events. In total, 213 cassette exon 4 5 4 events showed overlapping regulation by hnRNPM and ESRP1. p-value by hypergeometric test. RNA pull down analysis using RNA probes blotting for endogenous hnRNPM and contain significant terms associated with cell polarity, adhesion, migration, and the cytoskeleton. cancers are positively correlated with ZMYND8 inclusion. a  e  u  t  i  g  a  m  C  ,  R  a  g  o  L  ,  R  o  l  k  e  A  ,  W  a  l  d  m  e  i  e  r  L  ,  C  h  r  i  s  t  o  f  o  r  i  G  ,  W  i  n  t  e  r  J  .  2  0  1  3  .  T  h  e  R  N  A  -b  i  n  d  i  n  g  5  3  0   p  r  o  t  e  i  n  R  b  f  o  x  2  :  a  n  e  s  s  e  n  t  i  a  l  r  e  g  u  l  a  t  o  r  o  f  E  M  T  -d  r  i  v  e  n  a  l  t  e  r  n  a  t  i  v  e  s  p  l  i  c  i  n  g  a  n  d  a  m  e  d  i  a  t  o  r  5  3  1   o  f  c  e  l  l  u  l  a  r  i  n  v  a  s  i  o  n  .   O  n  c  o  g  e  n  e   3  3   .  5  3  2   B  r  o  w  n  R  L  ,  R  e  i  n  k  e  L  M  ,  D  a  m  e  r  o  w  M  S  ,  P  e  r  e  z  D  ,  C  h  o  d  o  s  h  L  A  ,  Y  a  n  g  J  ,  C  h  e  n  g  C  .  2  0  1  1  .  C  D  4  4  s  p  l  i  c  e  5  3 
